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Description

[0001] The invention relates to the field of networks.
In particular, the invention relates to a network array, to
a forwarder device and to a method of operating a for-
warder device.

[0002] Wireless networks can be divided into infra-
structure-based networks and self-organizing (ad-hoc)
networks. Traditionally, radio networks are usually infra-
structure-based. However, interestin self-organizing net-
works has recently grown owing to the possible ad-hoc
deployment of the systems.

[0003] In infrastructure networks, communication is
provided between wireless clients and wired network re-
sources using a communication hub known as a base
station (BS) or access point (AP). A hub is used in tele-
communications in order to connect network segments
or single computers. Signals originating from a network
node are transmitted from a hub to another network node.
[0004] In contrast to infrastructure networks, ad-hoc
networks do not use a communication hub (AP). Instead,
the devices communicate directly with each other in an
ad-hoc network. Ad-hoc networks can be created spon-
taneously, and in an arbitrary manner, and used to sup-
port mutual communication among wireless clients.
[0005] As there are no central entities in an ad-hoc
network, each node in the network functions as a router,
forwarding packages to other nodes in the network. This
is called multi-hop routing.

[0006] Whereas ad-hoc networks were used mainly by
the military in the past, today various other applications
are foreseen. Examples are Personal Area Networks
(PAN) for short range communications and In-house Dig-
ital Networks (IHDN) for audio, video and data exchange.
First communication standards with ad-hoc capability
have already been completed: Bluetooth a wireless PAN,
IEEE 802.11, awireless Local Area Network (WLAN) and
Hiper-LAN/2, a WLAN and IHDN.

[0007] In the following, a scenario is considered com-
posed by stations compliant with the standard IEEE
802.11e, (QSTAs, Quality of Service stations) and an
Access Point also 802.11e compliant and having Hybrid
Coordinator (HC) capabilities (AP/HC).

[0008] Such a network scenario is illustrated in Fig. 1.
[0009] Fig. 1 shows a network array 100 comprising a
QBSS network 101 and an IBSS network 102. The term
"QBSS" denotes a Quality of Service Basis Service Set,
whereas the term IBSS denotes an Independent Basis
Service Set.

[0010] The QBSS network 101 comprises a hub 103
(i.e. an access point AP having Hybrid Coordinator (HC)
capabilities, "AP/HC"). The hub 103 forms a master in
the QBSS network 101 and controls a plurality of QSTA
terminals 104 as slaves in the QBSS network 101. The
hub 103 is adapted to communicate with each of the QS-
TA terminals 104 via a communication path 105.
[0011] In the IBSS network 102, a plurality of QSTA
terminals 106 are formed which may communicate with
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each other via communication paths 107.

[0012] As shown in Fig. 1, the QSTAs 104 within the
range of hub 103 (AP/HC), associate to the AP/HC 103
forming the QoS Basic Service Set QBSS 101 controlled
the AP/HC 103. On the other side, the stations 106 out
of the AP/HC 103 range will establish the Independent
Basis Service Set (IBSS) 102 working in an ad-hoc mode.
[0013] However, it is not possible to transmit data
packets from one of the QSTA terminals 104 to one of
the QSTA terminals 106, and vice versa.

[0014] It is known from the state of the art (Habetha,
J., Wiegert, J. "A Comparison of New Single- and Multi-
ple-Transceiver Data Forwarding Mechanisms for Multi-
hop Ad Hoc Wireless Networks", In Symposium on Per-
formance Evaluation of Computer and Telecommunica-
tion Systems (SPECTS), page 436, Orlando, July 2001)
to connect different clusters of a cluster-based multihop
ad hoc network by a forwarder. According to this archi-
tecture, terminals as slaves of two different clusters can
communicate via central controllers as masters within
each of the clusters and via the forwarder. However, the
functionality of the forwarder in the described network
system is limited to a communication with central con-
trollers.

[0015] The article "Bluetooth Scatternets: An En-
hanced Adaptive Scheduling Scheme", Simon Baatz et
al, IEEE INFOCOM 2002, 23-07.-27.07.2002, New York
describes a Bluetooth network having a plurality of pi-
conets. The piconets are coupled via a connecting de-
vice. The connecting device is operating as a master in
a first piconet and as a slave in the further piconets.
[0016] WOO02/37770A2 describes an ad hoc network
comprising a plurality of terminals for determining termi-
nals as controllers for controlling at least two sub-net-
works. The at least two sub-networks are coupled via a
bridging terminal, which is operating with the first sub-
network using a first operation frequency and with the
second sub-network using a second operation frequency
which is different from the first operation frequency.
[0017] Itis an object of the invention to provide a for-
warder for a network array with an improved functionality.
[0018] In order to achieve the object defined above, a
network array, a forwarder device and a method of op-
erating a forwarder device with the features according to
the independent claims are provided.

[0019] The invention provides a network array as de-
fined by claim 1, a forwarder device as defined by claim
11 and a method of operating a forwarder device as de-
fined by claim 17.

[0020] The characteristic features according to the in-
vention have particularly the advantage that a sophisti-
cated network array architecture is provided which is
based on a forwarder node as an interface node for en-
abling communication between the nodes of two net-
works, wherein the forwarder node fulfils the double func-
tion of a slave in the first network and of a master in the
second network. This dual nature of the forwarder node
is combined advantageously with the frequency switch-
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ing functionality of the forwarder node, i.e. the separation
of the operation frequencies with which the forwarder
node communicates with the first network on the one
hand, and with which the forwarder node communicates
with the second network on the other hand. This data
packages forwarding scheme in the frequency domain
uses two different operation frequencies and increases
the total capacity in each of the network systems.
[0021] By adapting the forwarder node to function se-
lectively as a slave or as a master in a network, it is pos-
sible to realize the first network as a first QBSS network
having a communication hub (AP/HC) as a master and
to implement the second network as a second QBSS
networks without such a hub. In this scenario, the for-
warder node acts as a slave in the first QBSS network in
which the communication hub forms a master, and may
act a master in the second QBSS network controlling the
second nodes of the second network.

[0022] Thus, the forwarder node of the invention
switches between two communication modes, namely a
first communication mode in which it is adapted to com-
municate via the communication hub with the terminals
of the first network, and a second communication mode
in which the forwarder node is adapted to communicate
with the nodes of the second QBSS network to exchange
data with these second nodes. The switching between
the two communication modes can be synchronized with
a switching between the two operation frequencies, i.e.
the forwarder node can be switched between a first mode
in which it communicates with the first network and in
which it works on the first operation frequency, and a
second mode in which it communicates with the second
network and in which it works on the second operation
frequency.

[0023] Particularly, the invention can be implemented
in the frame of a WLAN, particularly based on the IEEE
802.11 standard which is described in IEEE 802.11 WG,
part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications, Standard IEEE,
November 1997. Further, the invention can be imple-
mented with enhancement for Quality of Service (QoS),
known as IEEE 802.11e, as described in IEEE 802.11
WG, part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications: Medium
Access Control (MAC) Enhancements for Quality of
Service (QoS), 802.11 e/D5.0, Draft Supplement to IEEE
802.11 Standard, July 2003.

[0024] As a solution for connecting two networks ac-
cording to the invention, a dedicated device responsible
for connecting both networks is used. This device, name-
ly the forwarder (FHC), relays (i.e. forwards) packets from
an AP/HC to a remote QSTA and vice versa. This relay
process can be performed in a transparent way, that is,
neither the AP/HC nor the QSTA requires routing capa-
bilities.

[0025] Many of the existing multi-hop ad-hoc networks
forward packets in the time domain, using only one fre-
quency channel. However, forwarding in the frequency
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domain, as performed by the invention, is preferable and
increases the total capacity in each QBSS. The invention
preferably performs frequency forwarding using a single
transceiver.

[0026] In other words, the invention provides a fre-
quency forwarding mechanism with Quality of Service
support. Particularly, the invention teaches the use of a
device, namely the forwarder, which may be composed
of a single transceiver, dedicated to forward packets be-
tween two networks operating on two different frequency
channels. The forwarder may behave as a QSTA in the
first QBSS in which the AP/HC is located and may act
as a Hybrid Coordinator (HC) in the remote second QB-
SS. When forwarding in the frequency domain with a sin-
gle transceiver, the forwarder does usually not receive/
transmit packets simultaneously in both QBSSs. Thus,
it first communicates with one QBSS, then switches a
channel, and later communicates with the other QBSS,
and so on.

[0027] Referring to the dependent claims, further pre-
ferred embodiments of the invention will be described in
the following.

[0028] Next, preferred embodiments of the network ar-
ray of the invention will be described. These embodi-
ments may also be applied for the forwarder device and
the method of operating a forwarder device.

[0029] The first network may be adapted as a master-
slave network, and the second network may be adapted
as a master-slave network.

[0030] A "master" in the meaning of this specification
is a node which provides commands to another node,
namely the slave, and thus conducts the functionality of
the slave. On the other hand, a "slave" is a node which
receives commands and which is conducted by another
node, namely the master. In contrast to a peer-to-peer
communication, the nodes in a master-slave architecture
are not equal. In contrast to this, a hierarchy exists be-
tween master and slave: the master drives the slave, the
slave is driven by the master.

[0031] Thefirst network is adapted as an infrastructure
network, and the second network is adapted as an ad-
hoc network. In an infrastructure network, a communica-
tion between nodes may be controlled by a communica-
tion hub known as a base station (BS) or access point
(AP). On the other hand, ad-hoc networks do not use
such an AP. Instead of this, the devices communicate
directly with each other in an ad-hoc network. Such an
ad-hoc network may be a self-configuring network of mo-
bile routers connected by links, preferably by wireless
links. According to the invention, when the forwarder
node participates in the communication between the
nodes of the ad-hoc network, the forwarder node may
fulfil the functionality of a master for driving the remaining
nodes of the ad-hoc network.

[0032] The plurality of first nodes may comprise a com-
munication hub which functions as a master in the first
network. Such a communication hub or Access Point acts
as the master for driving the remaining first nodes in the
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first network and for driving the forwarder node in an op-
eration mode, in which the forwarder node takes part in
a communication within the first network.

[0033] The forwarder node may be adapted to function
as a Hybrid Coordinator in the second network. Particu-
larly, the forwarder node may behave as a Hybrid Coor-
dinator in the second network implemented as a QBSS
network, and then the forwarder node has preferably im-
plemented all the functions of a Hybrid Coordinator (HC)
like beacon generation, traffic negotiation of traffic re-
quests, polling of stations and scheduling the local traffic
in the QBSS network.

[0034] Further, the forwarder node may be adapted to
switch between a first operation state in which the for-
warder node is communicatively coupled with the first
network and is free of a communication with the second
network, and a second operation state in which the for-
warder node is communicatively coupled with the second
network and is free of a communication with the first net-
work. According to this embodiment, the forwarder node
communicates either with first network or with the second
network. To switch between these two operation states
or modes, the operation frequency may be changed and
thus adapted to a communication with the nodes in the
first network or with the nodes in the second network.
[0035] The forwarder node may be adapted to block
any data packet originating from the second network
when the forwarder node is operated in the first operation
state. According to this embodiment, it is securely avoid-
ed that a data package coming from a node of the second
network is lost, since the forwarder node is presently in
communication with a node of the first network. By block-
ing any signals coming from nodes from the second net-
work when the forwarder is in the first operation state,
data loss is prevented and the reliability of the commu-
nication scheme is significantly improved.

[0036] Alternatively or additionally, the forwarder node
may be adapted to, prior to switching from the first oper-
ation state to the second operation state, send a control
signal to a master node of the first network indicating that
the forwarder node functioning as a slave in the first net-
work will switch over or pass into a sleeping mode. In
other words, prior to switching to an operation state in
which the forwarder node can exchange data with the
second node of the second network, the forwarder node
may send a control signal to the master (communication
hub) of the first network in which it announces that it will
go to a sleeping or doze mode in which it is deactivated
from receiving or processing signals from the nodes of
the first network.

[0037] Preferably, the forwarder node may be realized
as a single transceiver.

[0038] The forwarder node may be adapted to com-
municate with the first network and with the second net-
work according to the IEEE 802.11e standard. According
to this embodiment, an enhancement of the Quality of
Service can be realized.

[0039] Preferably, at least a part of the plurality of first
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nodes and/or of the plurality of second nodes of the net-
work array of the invention is realized as a computer de-
vice. Some or all of the nodes can be realized as a per-
sonal computer, as a laptop computer, or the like. How-
ever, it is also possible to realize any of the nodes of the
network system as a cellular phone or the like.

[0040] The forwarder node may be adapted to forward
a data package from the first network to the second net-
work or to forward a data package from the second net-
work to the first network. Each kind of data packages can
be transmitted between the nodes of the first network
and the nodes of the second network. In this scenario,
the forwarder node acts as an interface for transmitting
the packets in either direction.

[0041] The forwarder node is adapted, prior to forward-
ing a data package from the first network to the second
network or to forwarding a data packet from the second
network to the first network, to assign a certain bandwidth
for forwarding the data packet. According to this embod-
iment, each traffic stream may be previously negotiated
with the HC, and when accepted, a certain bandwidth
may be assigned in terms of periodic Transmission Op-
portunities (TXOP). Therefore, the forwarder node can
easily predict the time intervals when its presence in one
of the networks, for instance in the first network, is re-
quired. Then it can maximize its presence in the other
network, for instance in the second network, to generate
beacons and schedule the forward and local traffic.
[0042] Both of the first network and the second net-
works are wireless networks.

[0043] Next, a preferred embodiment of the method of
operating a forwarder device of the invention will be de-
scribed. This embodiment may also be applied for the
network array or for the forwarder device.

[0044] The method of operating a forwarder device
preferably comprises the steps of sending, using the sec-
ond operation frequency, a Beacon signal with a conten-
tion-free period (CFP) set according to an absence time
of the forwarder device in the second network. Then, it
may be switched from the second operation frequency
to the first operation frequency. Afterwards, it may be
negotiated, during a contention period (CF) of the first
network, traffic streams to be forwarded. Then, an auto-
matic power-safe delivery (APSD) bit can be activated
during the traffic-stream negotiation process. Forwarded
data may be received or transmitted in the first network.
The method may comprise the step of switching from the
first operation frequency to the second operation fre-
quency. Forwarded data may be received or transmitted
in the second network. Local traffic can be received or
transmitted in the second network.

[0045] The aspects defined above and further aspects
of the invention are apparent from the examples of em-
bodiment to be described hereinafter and are explained
with reference to the examples of embodiment.

[0046] The invention will be described in more detail
hereinafter with reference to examples of embodiment
but to which the invention is not limited.
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Fig. 1 shows a schematic view of a network array
having two networks each having a plurality of
nodes,

Fig. 2 shows a schematic view of a network array
according to an embodiment of the invention,

Fig. 3 shows atime diagramillustrating the frequency
switching between two networks of a network array
of the invention,

Fig. 4 shows another timing diagram illustrating an
embodiment of the forwarding scheme of the inven-
tion,

Fig. 5 to Fig. 8 illustrate an SDL implementation of
the synchronizing algorithm of the invention.

[0047] The llustration in the drawing is schematically.
[0048] In the following, referring to Fig. 2, a network
array 200 according to an embodiment of the invention
will be described in detail.

[0049] Fig. 2 shows a network array 200 comprising a
first QBSS network 201 having a plurality of first QSTA
terminals 204. Further, the network array 200 comprises
a second QBSS network 202 having a plurality of second
QSTA terminals 206. Beyond this, a forwarding device
209 is implemented as an interface between the two QB-
SS networks 201, 202 being realized as a single trans-
ceiver. The forwarder device 209 constitutes one of the
nodes of the first QBSS network 201 and constitutes one
of the nodes of the second QBSS network 202 to form a
communication interface between the first QBSS net-
work 201 and the second QBSS network 202 in such a
manner thatthe forwarder device 209 functions as aslave
in the first network 201 and functions as a master in the
second QBSS network 202. The forwarder device 109 is
further adapted to communicate with the first QBSS net-
work 201 using a first operation frequency f1 and to com-
municate with the second QBSS network 202 using a
second operation frequency f2 which is different from the
first operation frequency f1.

[0050] As indicated by a switch 210, the forwarding
device 209 can be switched between a first operation
mode in which it works on the first operation frequency
f1 to communicate with the nodes 203, 204 of the first
QBSS network 201 and a second operation mode in
which the forwarding device 209 communicates with the
nodes 206 of the second QBSS network 202 using the
second operation frequency f2. "f1" and "f2" each denote
either a particular frequency value or alternatively a par-
ticular frequency band.

[0051] As can be further seen from Fig. 2, there is pro-
vided a first communication path 205 for a wireless com-
munication between the hub 203 and any of the first QS-
TAterminals 204. Further, a second communication path
207 is provided for a communication between the for-
warding device 209 on the one hand and any of the sec-
ond QSTA terminals 206 of the second QBSS network
202 on the other hand. Thus, the forwarding device 209
acts as a master for controlling the second QSTA termi-
nals 206 in the second operation mode, in which a com-
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munication between the forwarding device 209 and the
nodes 206 of the second QBSS network 202 is enabled.
[0052] Further, a third communication path 208 may
be established for acommunication between the forward-
ing device 209 on the one hand and the hub 203 on the
other hand. In this first operation mode, according to
which data signals may be transmitted between the for-
warding device 209 and the hub 203 on the first operation
frequency f1, the forwarding device 209 acts as a slave
in the first QBSS network 201 and is controlled by the
hub 203 which may transmit signals forwarded from the
forwarding device 209 to any of the first QSTA terminals
204, or vice versa.

[0053] Thus, Fig. 2 shows the connection of two QBSS
networks 201, 202 by the use of a forwarder (FHC) 209.
[0054] When forwarding in frequency with a single
transceiver, the FHC 209 cannot receive/transmit pack-
ets simultaneously in both QBSS networks 201, 202. In
contrast to this, it needs first to communicate with one
QBSS network (e.g. with the first QBSS network 201), to
switch the channel (i.e. to change the operation frequen-
cy from 1 to f2) and to communicate the with the other
QBSS network (e.g. with the second QBSS network 202),
and so on.

[0055] Inthefollowing, referringtoFig. 3, atime sched-
ule 300 for the switched communication between the for-
warding device 209 and one of the two networks 201,
202 will be explained.

[0056] Fig. 3 shows the frequency switching between
the two QBSS networks 201, 202, i.e. the switching be-
tween a first operation state 303 in which a communica-
tion on the first operation frequency f1 with the first net-
work 201 is activated and a communication on the second
operation frequency f2 with the second network 202 is
deactivated, and a second operation state 304 in which
a communication on the first operation frequency f1 with
the first network 201 is deactivated and a communication
on the second operation frequency f2 with the second
network 202 is activated.

[0057] The time schedule 300 illustrates the time de-
pendence of a first QBSS network communication
scheme 301 and of a second QBSS network communi-
cation scheme 302. The first QBSS network communi-
cation scheme 301 illustrates the time dependence of
active intervals 303 and inactive intervals 304 of a com-
munication between the forwarding device 209 and the
hub 203. The second QBSS network communication
scheme 302 shows the time dependence of active inter-
vals 304 and inactive intervals 303 concerning the com-
munication between the forwarding device 209 and any
of the QSTA terminals 206.

[0058] Therefore, as shown in Fig. 3, the forwarding
device 209 is partly present in the first QBSS network
201 (and in these intervals absent in the second QBSS
network 202). Consequently, packets sent to the forward-
ing device 209 during the absence might be lost.
[0059] Such a problem, which may be denoted as the
"absence problem", has been studied for the IEEE
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802.11 based network by Peetz, J., Efe, Y., Habetha, J.
and Wischhusen, O. "Methode zum frequenziiber-
greifenden Forwarding basierend auf Power Manage-
ment", PVE03-3501. This problem may be solved using
the power save function defined in the standard IEEE
802.11 WG, part 11: Wireless LAN Medium Access Con-
trol (MAC) and Physical Layer (PYH) specifications,
Standard IEEE, November 1997.

[0060] Before switching to another QBSS network, the
forwarding device 209 emulates that it is entering in Doze
mode, so the hub 203 will buffer all packets directed to
the FHC 209 during its absence.

[0061] However, this solution requires routing informa-
tion to be available in all the stations. Since it has been
designed for the CSMA/CA protocol, it does not support
QoS (Quality of Service).

[0062] The invention teaches the use of a device,
namely the forwarding device 209, composed of a single
transceiver and dedicated to forward packets between
the two QBSS networks 201, 202 operating at different
frequency channels f1 and 2.

[0063] The forwarding device (FHC) 109 behaves as
a QSTA terminal in the first QBSS network 201 in which
the AP/HC 203 is located. When present in the remote
second QBSS network 202, the FHC 209 takes the role
of a Hybrid Coordinator (HC), i.e. a central coordinator
for other stations. In other words, the forwarding device
109 acts as a master in the second QBSS network 202.
This way, allthe QSTA terminals 206 of the second QBSS
network 102 will associate to the FHC 209, which at the
same time, will relay the association messages to the
AP/HC 203. With this solution, it is ensured that the sta-
tions 206 in the second QBSS network 202 are "visible"
to the AP/HC 203 without the need of a routing protocol.
[0064] Optionally, if the FHC 209 does not detect an-
other HC during its operation, it can behave as a standard
HC.

[0065] The communication between the AP/HC 203
and the FHC 209 and between the FHC 209 and the
remote QSTA terminals 206 is established according to
the IEEE 802.11e standard (use of the HC Channel Ac-
cess (HCCA) mechanism and of the Enhanced Distrib-
uted Channel Access (EDCA) mechanism).

[0066] Since the FHC 209 behaves as a Hybrid Coor-
dinator in the second QBSS network 202, it has imple-
mented all the functions of a HC: beacon generation,
traffic negotiation of traffic requests, polling of stations
and scheduling the local traffic in the second QBSS net-
work 202.

[0067] In addition to that, the forwarding device 209
has, according to the described embodiment, implement-
ed a synchronization algorithm, which isillustrated in Fig.
4 and which will be described in the following.

[0068] The synchronization algorithm shown in Fig. 4
is illustrated by means of a time schedule 400 which
shows the time dependence of a first QBSS network com-
munication scheme 401 reflecting a communication be-
tween the forwarding device 209 and the hub 203 at a
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frequency f1, and of a second QBSS network communi-
cation scheme 402 reflecting the communication be-
tween the forwarding device 209 and one of the QBSS
terminals 206 using the second operational frequency 2.
[0069] The solution shown in Fig. 4 takes advantage
of the bandwidth reservation capabilities of the HCCA
protocol. Each traffic stream is previously negotiated with
the HC and when accepted, a certain bandwidth is as-
signed in terms of periodic Transmission Opportunities
(TXOP) 403.

[0070] According to the forwarding concept shown in
Fig. 4, the FHC 209 can easily predict the time intervals
in which its presence in the first QBSS network 201 is
required. Then, the forwarding device 109 can maximize
its presence in the second QBSS network 202 to gener-
ate beacons 404 and schedule the forward and local traf-
fic. The detailed calculations of the synchronization al-
gorithm are described later.

[0071] At the same time, the forwarding device 209
ensures that no transmission takes place in the second
QBSS network 202 while being present in the first QBSS
network 201. This is solved by sending a beacon 404
with the contention-free period 405 (CFP) duration set
according to the time expected to be in the first QBSS
network 201. Optionally, for a better use of the capacity
available in the second QBSS network 202, the forward-
ing device 209 can assign Direct links between stations
of the second QBSS network 202, just before switching
to the first QBSS network 201.

[0072] To avoidthe absence problem in the first QBSS
system 201, the forwarding device 209 will activate the
APSD (Automatic Power-safe delivery function) during
the TS-setup process. This way, the AP/HC 203 knows
that the forwarding device 209 will be present only for
the negotiated TXOP 403.

[0073] In order to minimize the number of frequency
switches per superframe, the forwarding device 209 will
use the Traffic Aggregation feature supported by the
802.11e extension. By setting the aggregation bit in the
AddTS frame, the forwarding device 209 ensures that all
the multihop traffic will be bundled in consecutive TXOPs
403.

[0074] As seenin Fig. 4, the periodicity of the TXOPs
403 is given by the Service Interval (Sl) 406. For simpli-
fication, the synchronization algorithm according to the
preferred embodiment of the invention uses in both QB-
SS networks 201, 202 the same value for the Service
Interval 406 and the duration of each TXOP 403. Then,
the forwarding device 209 needs to switch each Service
Interval 406. Since the traffic in the QBSS needs to be
blocked just before switching, and this is done by sending
a beacon 404, the beacon interval in the second QBSS
network 202, namely TBTT2, should be equal to the Serv-
ice Interval 406 (SI).

[0075] In Fig. 4, it is considered that the contention
period (CP) 407 in the first QBSS network 201 starts just
after each beacon 404 and the first scheduled TXOP 403
is for multihop traffic (TXOP-FWD1). This is an optimum
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situation that reduces the amount of frequency-switches.
Since the traffic streams are negotiated during the con-
tention period 407, the forwarding device 209 may switch
also at the beginning of a first QBSS network 201-super-
frame and will wait for its TXOP 403. In this case, the
duration of the presence in the first QBSS network 201
will be the time to receive a beacon 404 plus a minimum
contention period.

[0076] However, the AP/HC 203 could allocate the
contention period 407 in another point of the superframe
and multihop traffic can be allocated later. Due to the
periodic nature of the CFP 405 and thus of the CP 407,
it is quite probable that if there is no CP 407 at the be-
ginning of the superframe, there will be one at the end.
Then the forwarding device 209 will switch to the first
QBSS network 201 before the beacon 404 is generated
and will announce its presence sending a PS-Poll mes-
sage. If the next switching time for the multihop traffic
after the contention period CP 407 is close to it, the for-
warding device 209 will remain in the first QBSS network
201. Otherwise it will switch to the second QBSS network
202.

[0077] In both cases, the beginning of the superframe
in the second QBSS network 202 has to be shifted in
order to allow the forwarding device 209 to generate a
beacon 404 before switching to the first QBSS network
201.

[0078] Fig.5to Fig. 8 show block diagrams illustrating
an SDL implementation ("Specification and Design Lan-
guage") of the synchronization algorithm for the scenario
of Fig. 4.

[0079] Fig. 5 shows a first part of this synchronization
algorithm, Fig. 6 shows a second part of this synchroni-
zation algorithm, Fig. 7 shows a third part of this synchro-
nization algorithm, Fig. 8 shows a forth part of this syn-
chronization algorithm.

[0080] It should be noted that the term "comprising"
does not exclude other elements or steps and the "a" or
"an" does not exclude a plurality. Also elements de-
scribed in association with different embodiments may
be combined.

[0081] It should also be noted that reference signs in
the claims shall not be construed as limiting the scope
of the claims.

Claims
1. A network array (200) comprising:

a first network (201) having a plurality of first
nodes (203, 204, 209);

a second network (202) having a plurality of sec-
ond nodes (206, 209), wherein both of the first
network (201) and the second network (202) are
wireless networks

a forwarder node (209), wherein the forwarder
node (209) constitutes one of the first nodes
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(203, 204, 209) and constitutes one of the sec-
ond nodes (206, 209) to form a communication
interface between the first network (201) and the
second network (202) in such a manner that the
forwarder node (209) functions as a slave in the
first network (201) and as a master in the second
network (202),

wherein the second network (202) is adapted as
an ad-hoc network, and

the forwarder node (209) is adapted to commu-
nicate with the first network (201) using a first
operation frequency and is adapted to commu-
nicate with the second network (202) using a
second operation frequency which is different
from the first operation frequency;

characterized in that the first network (201) is
adapted as an infrastructure network and in that the
forwarder node (209) is adapted, prior to forwarding
a data packet from the first network (201) to the sec-
ond network (202) or to forwarding a data packet
from the second network (202) to the first network
(201), to assign a certain bandwidth for forwarding
the data packet so as to predict time intervals when
its presence in one of the first and second networks
is required.

The network array (200) according to claim 1,
wherein the first network (201) is adapted as a mas-
ter-slave network and the second network (202) is
adapted as a master-slave network.

The network array (200) according to claim 1,
wherein the plurality of first nodes (203, 204, 209)
include a communication hub (203) which functions
as a master in the first network (201).

The network array (200) according to claim 1,
wherein the plurality of first nodes (203, 204, 209)
include at least one node (204) which functions as
a further slave in the first network (201).

The network array (200) according to claim 1,
wherein the forwarder node (209) is adapted to func-
tion as a Hybrid Coordinator in the second network
(202).

The network array (200) according to claim 1,
wherein the forwarder node (209) is adapted to
switch between a first operation state in which the
forwarder node (209) is communicatively coupled
with the first network (201) and is free of a commu-
nication with the second network (202), and a second
operation state in which the forwarder node (209) is
communicatively coupled with the second network
(202) and is free of a communication with the first
network (201).
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The network array (200) according to claim 6,
wherein the forwarder node (209) is adapted to block
a data packet originating from the second network
(202) when the forwarder node (209) is operated in
the first operation state.

The network array (200) according to claim 6,
wherein the forwarder node (209) is adapted to, prior
to switching from the first operation state to the sec-
ond operation state, send a control signal to a master
of the first network (201) indicating that the forwarder
node (209) functioning as a slave in the first network
(201) will switch over into a sleeping mode.

The network array (200) according to claim 1,
wherein the forwarder node (209) is realized as a
single transceiver.

The network array (200) according to claim 1,

wherein at least a part of the plurality of first nodes
(203, 204, 209) and/or of the plurality of second
nodes (206, 209) is realized as a computer device.

A forwarder device (209) for forming a communica-
tion interface between a first network (201) and a
second network (202) of a network array (200),
wherein both of the first network (201) and the sec-
ond network (202) are wireless networks

the forwarder device (209) being adapted to consti-
tute one of a plurality of first nodes (203, 204, 209)
of a first network (201) and being adapted to consti-
tute one of a plurality of second nodes (206, 209) of
a second network (201) to form a communication
interface between the first network (201) and the sec-
ond network (202) in such a manner that the forward-
er device (209) functions as a slave in the first net-
work (201) and as a master in the second network
(202); and the second network (202) is adapted as
an ad-hoc network and the forwarder device being
adapted to communicate with the first network (201)
using a first operation frequency and being adapted
to communicate with the second network (202) using
a second operation frequency which is different from
the first operation frequency,

characterized in that the first network (201) is
adapted as an infrastructure network and in that the
forwarder node (209) is adapted, prior to forwarding
a data packet from the first network (201) to the sec-
ond network (202) or to forwarding a data packet
from the second network (202) to the first network
(201), to assign a certain bandwidth for forwarding
the data packet so as to predict time intervals when
its presence in one of the first and second networks
is required.

The forwarder device (209) according to claim 11,
being adapted to function as a hybrid coordinator in
the second network (202).
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The forwarder device (209) according to claim 11,
being adapted to switch between a first operation
state in which it is communicatively coupled with the
first network (201) and is free of a communication
with the second network (202), and a second oper-
ation state in which it is communicatively coupled
with the second network (202) and is free of a com-
munication with the first network (201).

The forwarder device (209) according to claim 11,
being adapted to block a data packet originating from
the second network (202) when the forwarder device
(209) is operated in the first operation state.

The forwarder device (209) according to claim 13,
being adapted to, prior to switching from the first op-
eration state to the second operation state, send a
control signal to a master of the first network (201)
indicating that the forwarder device (209) functioning
as a slave in the first network (201) will switch over
into a sleeping mode.

The forwarder device (209) according to claim 11,
realized as a single transceiver.

A method of operating a forwarder device (209) for
forming a communication interface between a first
network (201) and a second network (202) of a net-
work array (200), wherein both of the first network
(201) and the second network (202) are wireless net-
works, comprising the steps of

adapting the forwarder device (209) to constitute one
of a plurality of first nodes (203, 204, 209) of a first
network (201) and adapting the forwarder device
(209) to constitute one of a plurality of second nodes
(206, 209) of a second network (201) to form a com-
munication interface between the first network (201)
and the second network (202) in such a manner that
the forwarder device (209) functions as a slave in
the first network (201) and as a master in the second
network (202);

adapting the forwarder device (209) to communicate
with the first network (201) using a first operation
frequency and adapting the forwarder device (209)
to communicate with the second network (202) using
a second operation frequency which is different from
the first operation frequency wherein the second net-
work (202) is adapted as an ad-hoc network; char-
acterized by

the first network (201) being adapted as an infra-
structure network and

adapting the forwarder device (209) to prior to for-
warding a data packet from the first network (201)
to the second network (202) or to forwarding a data
packet from the second network (202) to the first
network (201), assign a certain bandwidth for for-
warding the data packet so as to predict time inter-
vals when its presence in one of the first and second



15 EP 1 807 978 B1 16

networks is required.

18. The method according to claim 17, comprising the

steps of:

sending, using the second operation frequency,
a Beacon signal (404) with a contention-free pe-
riod (405) set according to an absence time of
the forwarder device (209) in the second net-
work (202);

switching from the second operation frequency
to the first operation frequency;

negotiating, during a contention period (407) of
the first network (201), of traffic streams to be
forwarded,;

activating an automatic power-safe delivery bit
during the traffic-stream negotiation process;
receiving or transmitting forwarded data in the
first network (201);

switching from the first operation frequency to
the second operation frequency;

receiving or transmitting forwarded data in the
second network (202);

receiving or transmitting local traffic in the sec-
ond network.

Patentanspriiche

Netzwerkanordnung (200), die Folgendes umfasst:

ein erstes Netzwerk (201) mit einer Anzahl er-
ster Knotenpunkte (203, 204, 209);

ein zweites Netzwerk (202) mit einer Anzahl
zweiter Knotenpunkte (206, 209), wobei das er-
ste Netzwerk (201) und das zweite Netzwerk
(202) beide drahtlose Netzwerke sind

einen Absenderknotenpunkt (209), wobei der
Absenderknotenpunkt (209) einen der ersten
Knotenpunkte (203, 204, 209) und einen der
zweiten Knotenpunkte (206, 209) bildet, und
zwar zum Bilden einer Kommunikationsschnitt-
stelle zwischen dem ersten Netzwerk (201) und
dem zweiten Netzwerk (202), und zwar derart,
dass der Absenderknotenpunkt (209) als Slave
in dem ersten Netzwerk (201) und als Master in
dem zweiten Netzwerk (202) funktioniert,
wobei das zweite Netzwerk (202) als Ad-hoc-
Netzwerk vorgesehen ist, und

wobei der Absenderknotenpunkt (209) zum
Kommunizieren mit dem ersten Netzwerk (201),
und zwar unter Verwendung einer ersten Be-
triebsfrequenz und zum Kommunizieren mit
dem zweiten Netzwerk (202) vorgesehen ist,
und zwar unter Verwendung einer von der er-
sten Betriebsfrequenz abweichenden zweiten
Betriebsfrequenz;
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dadurch gekennzeichnet, dass

das erste Netzwerk (201) als Infrastruktumetzwerk
vorgesehen ist und dass der Absenderknotenpunkt
(209) vor dem Versenden eines Datenpakets von
dem ersten Netzwerk (201) zu dem zweiten Netz-
werk (202) oder zum Versenden eines Datenpakets
von dem zweiten Netzwerk (202) zu dem ersten
Netzwerk (201) zum Zuordnen einer bestimmten
Bandbreite zum Versenden des Datenpakets vorge-
sehen ist, und zwar zum Vorhersagen von Zeitinter-
vallen, wenn die Anwesenheit desselben in dem er-
sten oder dem zweiten Netzwerk erforderlich ist.

Netzwerkanordnung (200) nach Anspruch 1,

wobei das erste Netzwerk (201) als Master-Slave-
Netzwerk und das zweite Netzwerk (202) als Master-
Slave-Netzwerk vorgesehen ist.

Netzwerkanordnung (200) nach Anspruch 1,

wobei die Anzahl erster Knotenpunkte (203, 204,
209) einen Kommunikationshub (203) umfasst, der
als Masterindem ersten Netzwerk (201) funktioniert.

Netzwerkanordnung (200) nach Anspruch 1,

wobei die Anzahl erster Knotenpunkte (203, 204,
209) wenigstens einen Knotenpunkt (204) aufwei-
sen, der als weiterer Slave in dem ersten Netzwerk
(201) funktioniert.

Netzwerkanordnung (200) nach Anspruch 1,
wobei der Absenderknotenpunkt (209) dazu vorge-
sehen ist, als Hybridkoordinator in dem zweiten
Netzwerk (202) zu funktionieren.

Netzwerkanordnung (200) nach Anspruch 1,

wobei der Absenderknotenpunkt (209) dazu vorge-
sehen ist, zwischen einem ersten Betriebszustand,
in dem der Absenderknotenpunkt (209) mit dem er-
sten Netzwerk (201) kommunikativ gekoppeltist und
keine Kommunikation mit dem zweiten Netzwerk
(202) hat, und einem zweiten Betriebszustand, in
dem der Absenderknotenpunkt (209) mit dem zwei-
ten Netzwerk (202) kommunikativ gekoppelt ist und
keine Kommunikation mit dem ersten Netzwerk
(201) hat, umzuschalten.

Netzwerkanordnung (200) nach Anspruch 6,

wobei der Absenderknotenpunkt (209) dazu vorge-
sehen ist, ein von dem zweiten Netzwerk (202) her-
rihrendes Datenpaket zu sperren, wenn der Absen-
derknotenpunkt (209) in dem ersten Betriebszu-
stand betrieben wird.

Netzwerkanordnung (200) nach Anspruch 6,

wobei der Absenderknotenpunkt (209) dazu vorge-
sehen ist, vor der Umschaltung aus dem ersten Be-
triebszustand in den zweiten Betriebszustand einem
Master des ersten Netzwerkes (201) ein Steuersi-
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gnal zuzusenden, das angibt, dass der Absender-
knotenpunkt (209), der als Slave in dem ersten Netz-
werk (201) funktioniert, in eine Schlafbetriebsart um-
geschaltet wird.

Netzwerkanordnung (200) nach Anspruch 1,
wobei der Absenderknotenpunkt (209) als einzelner
Transceiver verwirklicht ist.

Netzwerkanordnung (200) nach Anspruch 1,

wobei wenigstens ein Teil der Anzahl erster Knoten-
punkte (203, 204, 209) und/oder der Anzahl zweiter
Knotenpunkte (206, 209) als Computeranordnung
verwirklicht ist.

Absenderanordnung (209) zum Bilden einer Kom-
munikationsschnittstelle zwischen einem ersten
Netzwerk (201) und einem zweiten Netzwerk (202)
einer Netzwerkanordnung (200), wobei das erste
Netzwerk (201) und das zweite Netzwerk (202) beide
drahtlose Netzwerke sind

wobei die Absenderanordnung (209) dazu vorgese-
hen ist, einen Knotenpunkt einer Anzahl erster Kno-
tenpunkte (203, 204, 209) eines ersten Netzwerkes
(201) zu bilden und dazu vorgesehenist, einen Kno-
tenpunkt einer Anzahl zweiter Knotenpunkte (206,
209) eines zweiten Netzwerkes (201) zu bilden, und
zwar zum Bilden einer Kommunikationsschnittstelle
zwischen dem ersten Netzwerk (201) und dem zwei-
ten Netzwerk (202), und zwar derart, dass der Ab-
senderknotenpunkt (209) als Slave in dem ersten
Netzwerk (201) und als Master in dem zweiten Netz-
werk (202) funktioniert, und das zweite Netzwerk
(202) als Ad-hoc-Netzwerk vorgesehen ist, und der
Absenderknotenpunkt dazu vorgesehen ist, mitdem
ersten Netzwerk (201) zu kommunizieren, und zwar
unter Verwendung einer ersten Betriebsfrequenz
und dazu vorgesehen ist, mit dem zweiten Netzwerk
(202) zu kommunizieren, und zwar unter Verwen-
dung einer von der ersten Betriebsfrequenz abwei-
chenden zweiten Betriebsfrequenz;

dadurch gekennzeichnet, dass

das erste Netzwerk (201) als Infrastrukturnetzwerk
vorgesehen ist und dass der Absenderknotenpunkt
(209) dazu vorgesehenist, vordem Versenden eines
Datenpakets von dem ersten Netzwerk (201) zudem
zweiten Netzwerk (202) oder zum Versenden eines
Datenpakets von dem zweiten Netzwerk (202) zu
dem ersten Netzwerk (201) eine bestimmte Band-
breite zuzuordnen zum Versenden des Datenpa-
kets, und zwarzum Vorhersagen von Zeitintervallen,
wenn die Anwesenheit desselbenin dem ersten oder
dem zweiten Netzwerk erforderlich ist.

Absenderanordnung (209) nach Anspruch 11,
vorgesehen zum Funktionieren als Hybridkoordina-
tor in dem zweiten Netzwerk (202).
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Absenderanordnung (209) nach Anspruch 11,
vorgesehen zum Umschalten zwischen einem er-
sten Betriebszustand, in dem diese mit dem ersten
Netzwerk (201) kommunikativ gekoppelt ist und kei-
ne Kommunikation mit dem zweiten Netzwerk (202)
hat, und einem zweiten Betriebszustand, in dem sie
mit dem zweiten Netzwerk (202) kommunikativ ge-
koppelt ist und keine Kommunikatyion mit dem er-
sten Netzwerk (201) hat.

Absenderanordnung (209) nach Anspruch 11,
vorgesehen zum Sperren eines von dem zweiten
Netzwerk (202) herriihrenden Datenpakets, wenn
die Absenderanordnung (209) in dem ersten Be-
triebszustand betrieben wird.

Absenderanordnung (209) nach Anspruch 13,
vorgesehen zum, vor der Umschaltung aus dem er-
sten Betriebszustand in den zweiten Betriebszu-
stand, Senden eines Steuersignals zu einem Master
des ersten Netzwerkes (201), wobei dieses Signal
angibt, dass die Absenderanordnung (209), die als
Slave in dem ersten Netzwerk (201) funktioniert, in
eine Schlafbetriebsart umschalten wird.

Absenderanordnung (209) nach Anspruch 11,
verwirklicht als einzelner Transceiver.

Verfahren zum Betreiben einer Absenderanordnung
(209) zum Bilden einer Kommunikationsschnittstelle
zwischen einem ersten Netzwerk (201) und einem
zweiten Netzwerk (202) einer Netzwerkanordnung
(200), wobei das erste Netzwerk (201) und das zwei-
te Netzwerk (202) beide drahtlose Netzwerke sind,
wobei das Verfahren die nachfolgenden Verfahrens-
schritte umfasst:

das Einrichten der Absenderanordnung (209)
zum Bilden eines Knotenpunktes einer Anzahl
erster Knotenpunkte (203, 204, 209) eines er-
sten Netzwerkes (201) und das Einrichten der
Absenderanordnung (209) zum Bilden eines
Knotenpunktes einer Anzahl zweiter Knoten-
punkte (206, 209) eines zweiten Netzwerkes
(201) zum Bilden einer Kommunikationsschnitt-
stelle zwischen dem ersten Netzwerk (201) und
dem zweiten Netzwerk (202), und zwar derart,
dass die Absenderanordnung (209) als Slave in
dem ersten Netzwerk (201) und als Master in
dem zweiten Netzwerk (202) funktioniert;

das Einrichten der Absenderanordnung (209)
zum Kommunizieren mit dem ersten Netzwerk
(201), unter Verwendung einer ersten Betriebs-
frequenz und das Einrichten der Absenderan-
ordnung (209) zum Kommunizieren mit dem
zweiten Netzwerk (202) unter Verwendung ei-
nervonder ersten Betriebsfrequenz abweichen-
denzweiten Betriebsfrequenz, wobei das zweite
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Netzwerk (202) als Ad-hoc-Netzwerk vorgese-
hen ist, dadurch gekennzeichnet, dass das
erste Netzwerk (201) als Infrastruktumetzwerk
vorgesehen ist und gekennzeichnet durch
das Einrichten der Absenderanordnung (209)
zum, vor dem Versenden eines Datenpakets
von dem ersten Netzwerk (201) zu dem zweiten
Netzwerk (202) oder zum Versenden eines Da-
tenpakets von dem zweiten Netzwerk (202) zu
dem ersten Netzwerk (201), Zuordnen einer be-
stimmten Bandbreite zum Versenden des Da-
tenpakets, und zwar zum Vorhersagen von Zeit-
intervallen, wenn die Anwesenheit desselben in
dem ersten oder dem zweiten Netzwerk erfor-
derlich ist.

18. Verfahren nach Anspruch 17, wobei das Verfahren

die nachfolgenden Verfahrensschritte umfasst:

das Senden, und zwar unter Verwendung der
zweiten Betriebsfrequenz, eines Bakensignals
(404) mit einer streitfreien Periode (405), einge-
stellt entsprechend einer Abwesenheitszeit der
Absenderanordnung (209) in dem zweiten Netz-
werk (202);

das Umschalten von der zweiten Betriebsfre-
quenz auf die erste Betriebsfrequenz;

das wahrend einer Streitperiode (407) des er-
sten Netzwerkes (201) Bewaéltigen abzusen-
dender Verkehrsstrome;

das Aktivieren eines automatischen leistungssi-
cheren Lieferbits wahrend des Bewaltigungs-
prozesses des Verkehrsstroms;

das Empfangen oder Ubertragen abgesendeter
Daten in dem ersten Netzwerk (201);

das Umschalten von der ersten Betriebsfre-
quenz auf die zweite Betriebsfrequenz;

das Empfangen oder Ubertragen abgesendeter
Daten in dem zweiten Netzwerk (202);

das Empfangen oder Ubertragen des Ortsver-
kehrs in dem zweiten Netzwerk.

Revendications

Matrice de réseau (200) comprenant :

un premier réseau (201) ayant une pluralité de
premiers noeuds (203, 204, 209) ;

un deuxieme réseau (202) ayant une pluralité
de deuxiemes noeuds (206, 209), dans laquelle
les deux du premier réseau (201) et du deuxie-
me réseau (202) sont des réseaux sans fil ;

un noeud d’acheminement (209), dans laquelle
le noeud d’acheminement (209) constitue un
des premiers noeuds (203, 204, 209) et consti-
tue un des deuxiémes noeuds (206, 209) pour
former une interface de communication entre le
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premier réseau (201) et le deuxiéme réseau
(202) de telle fagon que le noeud d’achemine-
ment (209) fasse fonction d’'un esclave dans le
premier réseau (201) et d’'un maitre dans le
deuxiéme réseau (202),

dans laquelle le deuxiéme réseau (202) est
adapté en tant qu’un réseau ad hoc, et

dans laquelle le noeud d’acheminement (209)
est adapté de maniére a communiquer avec le
premierréseau (201) al'aide d’'une premiere fré-
quence de fonctionnement et est adapté de ma-
niére a communiquer avec le deuxiéme réseau
(202) a raide d’'une deuxiéme fréquence de
fonctionnement qui est différente de la premiére
fréquence de fonctionnement ;

caractérisée en ce que

le premier réseau (201) est adapté en tant qu’un ré-
seau d'infrastructure et en ce quele noeud d’ache-
minement (209) est adapté, avant 'acheminement
d’'un paquet de données a partir du premier réseau
(201) vers le deuxiéme réseau (202) ou avant 'ache-
minement d’'un paquet de données a partir du
deuxiéme réseau (202) vers le premier réseau (201),
de maniére a assigner une certaine bande passante
pour acheminer le paquet de données de maniére a
prédire desintervalles de temps lorsque sa présence
dans un des premier et deuxiéme réseaux est requi-
se.

Matrice de réseau (200) selon la revendication 1,
dans laquelle le premier réseau (201) est adapté en
tant qu’'un réseau maitre-esclave et dans laquelle le
deuxieme réseau (202) est adapté en tant qu’un ré-
seau maitre-esclave.

Matrice de réseau (200) selon la revendication 1,
dans laquelle la pluralité de premiers noeuds (203,
204, 209) incluent un centre de communication (203)
qui fait fonction d’'un maitre dans le premier réseau
(201).

Matrice de réseau (200) selon la revendication 1,
dans laquelle la pluralité de premiers noeuds (203,
204, 209) incluent au moins un noeud (204) qui fait
fonction d’'un nouveau autre esclave dans le premier
réseau (201).

Matrice de réseau (200) selon la revendication 1,
dans laquelle le noeud d’acheminement (209) est
adapté de maniére a faire fonction d’'un coordinateur
hybride dans le deuxiéme réseau (202).

Matrice de réseau (200) selon la revendication 1,

dans laquelle le noeud d’acheminement est adapté
de maniére a commuter entre un premier état de
fonctionnement dans lequel le noeud d’achemine-
ment (209) est de fagon communicative couplé au



10.

1.

21 EP 1 807 978 B1

premier réseau (201) et est exempt d’'une commu-
nication avec le deuxieme réseau (202), et un
deuxiéme état de fonctionnement dans lequel le
noeud d’acheminement (209) est de fagon commu-
nicative couplé au deuxieme réseau (202) et est
exempt d’'une communication avec le premier ré-
seau (201).

Matrice de réseau (200) selon la revendication 6,
dans laquelle le noeud d’acheminement (201) est
adapté de maniére a bloquer un paquet de données
provenant du deuxiéme réseau (202) lorsque le
noeud d’acheminement (209) est exploité dans le
premier état de fonctionnement.

Matrice de réseau (200) selon la revendication 6,
dans laquelle le noeud d’acheminement (209) est
adapté, avant de passer a partir du premier état de
fonctionnement au deuxiéme état de fonctionne-
ment, de maniére a envoyer un signal de commande
a un maitre du premier réseau (201) indiquant que
le noeud d’acheminement (209) qui fait fonction d’un
esclave dans le premier réseau (201) passera a un
mode de sommeil.

Matrice de réseau (200) selon la revendication 1,
dans laquelle le noeud d’acheminement (209) est
réalisé en tant qu’'un émetteur-récepteur unique.

Matrice de réseau (200) selon la revendication 1,
dans laquelle au moins une partie de la pluralité de
premiers noeuds (203, 204, 209) et/ou de la pluralité
de deuxiémes noeuds (206, 209) est réalisé en tant
qu’un dispositif informatique.

Dispositif d’acheminement (209) pour former une in-
terface de communication entre un premier réseau
(201) et un deuxiéme réseau (202) d’'une matrice de
réseau (200) dans laquelle les deux du premier ré-
seau (201) et du deuxiéme réseau (202) sont des
réseaux sans fil,

le dispositif d’'acheminement (209) étant adapté de
maniére a constituer un d’une pluralité de premiers
noeuds (203, 204, 209) d'un premier réseau (201)
et étant adapté de maniére a constituer un d’'une
pluralit¢ de deuxiémes noeuds (206, 209) d’un
deuxieme réseau (201) afin de former une interface
de communication entre le premier réseau (201) et
le deuxiéme réseau (202) de telle fagon que le dis-
positif d’acheminement (209) fasse fonction d’'un es-
clave dans le premier réseau (201) et d’'un maitre
dans le deuxiéme réseau (202) ; et le deuxieme ré-
seau (202) étant adapté en tant qu'un réseau ad hoc
et le dispositif d’acheminement étant adapté de ma-
niére a communiquer avec le premier réseau (201)
al'aide d’'une premiére fréquence de fonctionnement
et étant adapté de maniére a communiquer avec le
deuxieme réseau (202) a I'aide d’une deuxiéme fre-
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quence de fonctionnement qui est différente de la
premiére fréquence de fonctionnement,
caractérisé en ce que

le premier réseau (201) est adapté en tant qu’un ré-
seau d’infrastructure et en ce que le noeud d’ache-
minement (209) est adapté, avant 'acheminement
d’'un paquet de données a partir du premier réseau
(201) vers le deuxiéme réseau (202) ou avant I'ache-
minement d’'un paquet de données a partir du
deuxiéme réseau (202) vers le premier réseau (201),
de maniere a assigner une certaine bande passante
pour acheminer le paquet de données de maniere a
prédire desintervalles de temps lorsque sa présence
dans un des premier et deuxieme réseaux est requi-
se.

Dispositif d’acheminement (209) selon la revendica-
tion 11,

étant adapté de maniére a faire fonction d’'un coor-
dinateur hybride dans le deuxiéme réseau (202).

Dispositif d’acheminement (209) selon la revendica-
tion 11,

étant adapté de maniére a commuter entre un pre-
mier état de fonctionnement dans lequel il est de
fagon communicative couplé au premier réseau
(201) et est exempt d’'une communication avec le
deuxieme réseau (202), et un deuxiéme état de fonc-
tionnement dans lequel il est de fagon communica-
tive couplé au deuxiéme réseau (202) et est exempt
d’'une communication avec le premier réseau (201).

Dispositif d’'acheminement (209) selon la revendica-
tion 11,

étant adapté de maniére a bloquer un paquet de don-
nées provenant du deuxieme réseau (202) lorsque
le dispositif d’acheminement (209) est exploité dans
le premier état de fonctionnement.

Dispositif d’acheminement (209) selon la revendica-
tion 13,

étant adapté, avant de passer a partir du premier
état de fonctionnement au deuxiéme état de fonc-
tionnement, de maniére a envoyer un signal de com-
mande a un maitre du premier réseau (201) indi-
quant que le dispositif d’acheminement (209) faisant
fonction d’un esclave dans le premier réseau (201)
passera a un mode de sommeil.

Dispositif d’acheminement (209) selon la revendica-
tion 11,

étant réalisé en tant qu'un émetteur-récepteur uni-
que.

Procédé exploitation d’un dispositif d’acheminement
(209) pour former une interface de communication
entre un premier réseau (201) et un deuxieme reé-
seau (202) d’'une matrice de réseau (200), dans le-
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quel les deux du premier réseau (201) et du deuxie-
me réseau (202) sont des réseaux sans fil, compre-
nant les étapes suivantes consistant a :

négociation de flux de trafic ;
recevoir ou transmettre les données achemi-
nées dans le premier réseau (201) ;

adapter le dispositif d’acheminement (209) de
maniére a constituer un d’une pluralité de pre-
miers noeuds (203, 204, 209) d’'un premier ré-
seau (201) et a adapter le dispositif d’achemi-
nement (209) de maniére a constituer un d’'une

commuter a partir de la premiére fréquence de
fonctionnement a la deuxiéme fréquence de
fonctionnement ;

recevoir ou transmettre les données achemi-
nées dans le deuxieéme réseau (202) ; et
recevoir ou transmettre le trafic local dans le

pluralité de deuxiémes noeuds (206, 209) d’'un 170 deuxieme réseau.
deuxiéme réseau (201) afin de former une inter-
face de communication entre le premier réseau
(201) et le deuxiéme réseau (202) de telle fagon

que le dispositif d’acheminement (209) fasse
fonction d’'un esclave dans le premier réseau 15
(201) et d’'un maitre dans le deuxiéme réseau
(202) ;

adapter le dispositif d’acheminement (209) de
maniére a communiquer avec le premier réseau
(201) al'aide d’'une premiére fréquence de fonc- 20
tionnement et a adapter le dispositif d’'achemi-
nement (209) de maniére a communiquer avec

le deuxieme réseau (202) a I'aide d’une deuxie-

me fréquence de fonctionnement qui est diffé-
rente de la premiere fréquence de fonctionne- 25
ment, dans lequel le deuxieme réseau (202) est
adapté en tant qu’un réseau ad hoc ; caracté-
risé par le premier réseau (201) étant adapté

en tant qu’un réseau d’infrastructure ; et

adapter le dispositif d’acheminement (209), 30
avant 'acheminement d’'un paquet de données

a partir du premier réseau (201) vers le deuxié-

me réseau (202) ou avant 'acheminement d’'un
paquet de données a partir du deuxiéme réseau
(202) vers le premier réseau (201), de maniere 35
a assigner une certaine bande passante pour
acheminer le paquet de données de maniére a
prédire des intervalles de temps lorsque sa pré-
sence dans undes premier etdeuxieme réseaux

est requise. 40

18. Procédé selon la revendication 17, comprenant les
étapes suivantes consistant a :

envoyer, en utilisant la deuxiéme fréquence de 45
fonctionnement, un signal de radiophare (404)
avec une période exempte de contention (405)

qui est mise au point selon un temps d’absence

du dispositif d’acheminement (209) dans le
deuxieme réseau (202) ; 50
commuter a partir de la deuxiéme fréquence de
fonctionnement a la premiére fréquence de
fonctionnement ;

négocier, au cours d’une période de contention
(407) du premier réseau (201), des flux de trafic 55
a acheminer ;

activer un bitde livraison de sauvegarde de puis-
sance automatique au cours du processus de

13
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<_T tTBTT _1 WTBTT: this timer signalizes that the HC
— [T L willsend his Beacon in 2 msec __
— RESET (tiServicelntervall)
'
— SET(NOW+dTBTT, tiTBTT)
' || MNextTBTT1:=NOW+dTBTT,
| mNextSI1: =NOW+minTxOP+maxSI;

" which is the next event, either
. a3 Beacon or a Service Interval’?
mNextTBTT1>mNextSIln 1 in order to set the Beacon

"""""""""""""" ! period of the QBSS2 accordingly.
fa|se| |true "~ T TTTTTTTTTTTOS

dBeaconPeriod:=dTBTT —  dBeaconPeriod: =minTxOP+maxSI;
L — |

-

— totTxOP: =checkTotalTxOP(HCBssid)

false — {1 Total time of accepted
| totTxOP=0 "} TS TxOPs for multihop traffic

_—_—— . e e e e E,E,—m——————— ——

'In case that there is no stablished
i lTSs, than the FHC will remain in
“ithe QBSS1 only for the duration
1of a minTxOP

B Sy -\ Time that wil be the CF period

tiServicelntervall)

1| totTXOP: =totTxOP+minTxOP;
CFPMaxDuration2:=totTxOP+3000;

Y

| SSETBeaconPeriod(CFPMaxDuration2, dBeaconPeriod)

LSet the time when the next beacon will happen.
Beacon| !And send it with the Beacon so the QSTAs know
-when the beacon period in QBSS2 is changed.
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| tiServicelntervall: this timer signalizes
1 that the Service Interval in the QBSS1
7 | for the accepted forwarding traffic
: streams will begin in 2 msec

{:— tiServicelntervall

— mNextSI1:=NOW+maxSI;

mNextTBTT1>mNextSI1

false } true

dBeaconPeriod: =mNextTBTT1-NOW B
]

dBeacon
Period:=maxSI;

I

- totTxOP: =checkTotal TxOP(HCBssid)

false — . 1 Total time of accepted
Lt‘l’x_Oi- 0 - TS TxOPs for forwarding traffic
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'1In case that there is no stablished
"TSs than the FHC will remain in the
'QBSSl for the duration of a minTxOP

) Time that will
- H CFPMaxDuration2: =totTxOP+3000; - ._ b_e_t_h_G_(EF_ period _
— SSETBeaconPeriod(CFPMaxDuration2, dBeaconPeriod)
7 _

—— set(NOW-+maxSlI, tiServicelntervall)

i set the time when the next beacon will happen.
Beacon> 1 And send it with the Beacon so the QSTAs know
i when the period is changed.
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tiEndCP1 | Contention Period in the QBSS1 and is time to go
e J back to the QBSS2.
! | This timer is only set in case that there are no
] | established multihop traffic streams.

; 2 | iEndCP1: this timer signalizes the end of the min.

QBSSZ’P
true false

ERROR Frequency_switch_started
true false

{

CWa |t_5W|tch_Freq_cnf) 3— sMimeSwitchFreq_req

1

— Frequency_switch_started:=TRUE

@ait_switch_Freq_cnf)

FIG.7
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